
678'<�2)�7+(�23(5$7,21�2)�7+(�&251(//�/,1$&�)25�326,7521

352'8&7,21�$7�+,*+�08/7,%81&+�&855(176
∗

9�6��$OH[DQGURY��$�3��,YDQRY��1�<X��.D]DULQRY��(�$��3HUHOVWHLQ��0�1��6D]RQRY

�-,15��'XEQD��5XVVLD��������

���0�*��%LOOLQJ

�&RUQHOO�8QLYHUVLW\��/16��86$�������

                                           
∗
7KLV ZRUN KDV EHHQ FDUULHG RXW XQGHU 1)6 FRQWUDFW 1R� 3+<�������� 68% 8��������

$EVWUDFW

7KH &RUQHOO (OHFWURQ 6WRUDJH 5LQJ �&(65� RSHUDWHV DV DQ

HOHFWURQ�SRVLWURQ FROOLGHU ZLWK � WUDLQV RI � WR � >�@

FORVHO\ VSDFHG EXQFKHV SHU WUDLQ SHU EHDP� 7KH &RUQHOO

/LQDF LV WKH LQLWLDO FRPSRQHQW RI WKH LQMHFWRU IRU &(65

DQG LW QHHGV WR SURYLGH PXOWLEXQFK WUDLQV RI HOHFWURQV DQG

SRVLWURQV DW KLJK LQMHFWLRQ UDWHV IRU &(65� 7KLV SDSHU

SUHVHQWV WKH UHVXOWV RI VLPXODWLRQV ZKLFK KDYH VWXGLHG WKH

HIIHFWV RI RSHUDWLQJ WKH /LQDF DW KLJK PXOWLEXQFK FXUUHQWV

QHHGHG IRU WKH SURGXFWLRQ RI WUDLQV RI SRVLWURQ EXQFKHV�

5HVXOWV LQFOXGH WKH HIIHFW RI ORQJLWXGLQDO ZDNHILHOGV

LQGXFHG E\ WKH EHDP LQ WKH OLQDF LQMHFWRU SUHEXQFKHU

FDYLWLHV DQG D PHWKRG IRU WKH SDUWLDO FRPSHQVDWLRQ RI WKH

HIIHFW RI WKHVH ZDNHILHOGV� WKH HIIHFW RI WUDQVYHUVH

ZDNHILHOGV LQ WKH OLQDF DFFHOHUDWRU VHFWLRQV LQ WKH HOHFWURQ

OLQDF SUHFHGLQJ WKH SRVLWURQ WDUJHW DQG WKH HIIHFW RQ

SRVLWURQ FDSWXUH RI LQFUHDVLQJ WKH DFFHOHUDWLQJ JUDGLHQW LQ

WKH SRVLWURQ OLQDF� &RPSDULVRQ ZLWK VRPH OLQDF

PHDVXUHPHQWV LV LQFOXGHG�

� :$.(),(/'6 ,1 7+( 35(%81&+(5

&$9,7,(6 2) 7+( /,1$& ,1-(&725

7KH &RUQHOO OLQDF LQMHFWRU FUHDWHV D EHDP RI ��� 0H9

HOHFWURQV RU D EHDP RI ��� 0H9 SRVLWURQV� 7KH SRVLWURQV

DUH SURGXFHG LQ D WXQJVWHQ WDUJHW RQ WKH FRQYHUWHU

LQVWDOOHG LQ WKH PLGGOH RI WKH OLQDF� 7KH OLQDF LV PRGHOOHG

ZLWK HLJKW 6/$& DFFHOHUDWLQJ VHFWLRQV $6�����$6�� >�@�

7KH SRVLWURQ FRQYHUVLRQ HIILFLHQF\ LV DERXW ����� 6XFK D

VPDOO \LHOG UHTXLUHV WKH KLJKHVW FXUUHQW RI WKH HOHFWURQ

EHDP GXULQJ SRVLWURQ SURGXFWLRQ� 7KXV WKH ODUJHVW FXUUHQW

LV LQ WKH LQLWLDO SDUW RI WKH LQMHFWRU� 7KH ILUVW KDOI RI WKH

OLQDF FRQVLVWV RI WKH ��� NH9 HOHFWURQ JXQ� WZR LGHQWLFDO

SUHEXQFKHU FDYLWLHV RSHUDWLQJ DW ��� 0+] DQG WKH ILUVW

OLQDF VHFWLRQV $6�����$6���

7KH OLQDF LQMHFWRU SURYLGHV D KLJK FXUUHQW HOHFWURQ

EHDP ZLWK � WUDLQV RI � WR � EXQFKHV DFFRUGLQJO\ WR WKH

&(65 RSHUDWLRQ GHVFULEHG DERYH� ,Q WKH FDVH RI SRVLWURQ

SURGXFWLRQ HDFK EXQFK LV IRUPHG IURP � QV JXQ SXOVH ZLWK

���⋅���� HOHFWURQV� 7KHVH HOHFWURQ SXOVHV H[FLWH WKH

ZDNHILHOGV V\QFKURQRXVO\ RQ WKH IXQGDPHQWDO PRGH RI WKH

SUHEXQFKHU FDYLWLHV� 7KH DFFXPXODWHG ORQJLWXGLQDO

ZDNHILHOGV GHFHOHUDWH WKH EXQFKHV� GLVWRUW WKHLU EXQFKLQJ

DQG UHGXFH WKH QXPEHU RI SDUWLFOHV FDSWXUHG LQWR WKH OLQDF�

$ VSHFLDO PHWKRG IRU WKH SDUWLDO FRPSHQVDWLRQ RI WKHVH

ZDNHILHOGV LV XVHG IRU WKH &(65 LQMHFWRU� 7KH JXQ

LQWURGXFHV DQ DGGLWLRQDO GHOD\ τ EHWZHHQ WKH HOHFWURQ

EXQFKHV� $V D UHVXOW WKH EXQFKHV DUH VKLIWHG DW WKH

DFFHOHUDWLQJ SKDVH RI 5) YROWDJHV RI WKH SUHEXQFKHU

FDYLWLHV� 7KXV WKH GHFHOHUDWLQJ HIIHFW RI WKH ZDNHILHOGV LV

FRPSHQVDWHG E\ WKH 5) ILHOG� )RU H[DPSOH� WKH

VLPXODWLRQV RI WKH QHW YROWDJHV �5) EXQFKLQJ YROWDJH DQG

ZDNH SRWHQWLDO� IRU WKH ��WK EXQFK DUH VKRZQ LQ )LJ� � IRU

WKH JXQ XVLQJ FRPSHQVDWHG DQG XQFRPSHQVDWHG WLPLQJ

SDUDPHWHUV�

1724 1725 1726 1727 1728 1729 1730 1731 1732
T im e from  th e  he ad  o f firs t b unch , n sec

-1.0

-0.5

0.0

0.5

1.0

1.5

S
ca

le
d

 v
a

lu
e

C harge density without gun delay

N et vo ltage w ithout gun delay 

C harge density with  gun delay

N et vo ltage w ith gun delay

)LJXUH� � 1HW EXQFKLQJ YROWDJH LQ WKH ILUVW SUHEXQFKHU�

7KH ZDNHILHOGV KDYH EHHQ VLPXODWHG IRU � WUDLQV RI �

EXQFKHV� 7ZR FDVHV RI GLIIHUHQW 5) EXQFKLQJ YROWDJHV

��N9� ��� N9 DQG �� N9� ��� N9 KDYH EHHQ VWXGLHG IRU

ILUVW �3%���� VHFRQG ��3%�� SUHEXQFKHU FDYLWLHV

FRUUHVSRQGLQJO\� 7KH ZDNH SRWHQWLDOV KDYH EHHQ REWDLQHG

LQ WHUPV RI WKH FDYLW\ PRGH GDWD FDOFXODWHG E\ WKH

850(/ FRGH� 7KH TXDOLW\ IDFWRU 4 DW WKH IXQGDPHQWDO

PRGH LV KLJK HQRXJK WR QHJOHFW DWWHQXDWLRQ RI WKH

ZDNHILHOGV GXULQJ WKH WUDYHUVDO E\ WKH HQWLUH EHDP ��

WUDLQV E\ ��� QV�� 7KH ZDNHILHOG DPSOLWXGHV LQ WKH ERWK

FDYLWLHV DUH SURSRUWLRQDO WR WKH QXPEHU RI EXQFKHV ZKLFK

0-7803-5573-3/99/$10.00@1999 IEEE. 3501

Proceedings of the 1999 Particle Accelerator Conference, New York, 1999



SDVVHG HDUOLHU� 7KH EXQFKLQJ HIIHFW LQ WKH GULIW VSDFH
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3  IMPROVEMENTS IN THE POSITRON LINAC
USING HIGHER ACCELERATING GRADIENTS

The simulations of the positron dynamics have been
performed assuming the possibility that the input RF
power in the accelerating sections #5 and #6 may be
increased from 15 MW up to 24 MW to enlarge the
positron transfer through the positron linac. The electrons
passing through the converter target and secondary
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electrons from the conversion process are  accelerated in
these sections and contribute sufficiently to the net
observed charge. The CESR measurements [5] have
shown that the total beam charge is negative during
acceleration up to the AS#6 where it changes the sign. To
have similar results in the simulations we searched for a
regime with such effect. In the case of the maximum
energy gain for positrons the total beam charge (the
difference between the numbers of electrons and
positrons) does not change sign during acceleration in the
positron linac.
   To find out the parameter set which gives this same
change in sign of the net accelerated charge, the starting
phase (WT0) with the fixed RF field phases of
accelerating sections of the positron linac have been
variated. Results of the calculations are shown in Fig. 4.
The total charge after AS#6 changes sign in a narrow
region of the starting phases. Unfortunately the energy
gain in this region is very small, i.e. the regime with
changing of  the charge sign is not optimal to obtain the
maximal energy of positrons. To increase the final
positron energy to about 200 MeV [6] the appropriate RF
phases of AS#6 - AS#8 have been chosen. As result the
total charge of the beam becomes near zero after AS#6.

-200 -100 0 100 200
R F  phase  (deg )

0

200

400

N
 p

a
rt

ic
le

s 

-200 -100 0 100 200
R F  phase  (deg )

0

100

200

E
 r

p
 (

M
e

V
)

e -

e+

e -

e+

F IALL .g rf

e+ (im p)

e - (im p)

e- (im p)

Figure: 4 Number of particles and the reference particle
                energy at the end of AS#6.

   The tuning of the quad gradients was made to maximize
the energy spectrum of the beam. Fortunately the
gradients in quads between AS#5 - #6 and  AS#6 - #7 do
not significantly influence on the positron current at the
end of AS#8. The gradients of the triplet between AS#7 -
#8 noticeably affect the positron transmission.. For
example, the changing of the gradients on the value of
100 G/cm remove the positron losses in AS#8.
   To estimate the efficiency of the new klystron
installation the new (improved) case was simulated. This
new variant differs from existing one by improved
accelerating gradient in AS#5 and #6, correspondingly

tuned lenses gradients and bending magnet field, and
decreased on 10% the magnet field of AS#6 solenoid.
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Figure: 5 Positron transmission through the positron
                linac.

The comparison of the simulation results for the input RF
power 15 MW and 24 MW is shown in Fig. 5. It can be
seen that the positrons yield at the end of the positron
linac  has increased about 70%. Additionally the average
positron energy gain increases about 20%: from 200 MeV
to 235 MeV. The summary plot of the total beam charge
transmission through the positron linac and the dipole
magnet is shown in Fig. 6.
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Figure: 6 Total charge transmission through the positron
                linac.
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